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Abstract
For the sLHC phase I, the ATLAS detector will be upgraded by installation
of an additional Pixel Detector layer. The new layer will be inserted between
the B-layer of the existing pixel detector and a new smaller radius beam-pipe.
This upgrade requires development of several new technologies to cope with
increased radiation doses to which the apparatus will be exposed, signiﬁcant
rise of the particle ﬂux density and further improvement of the detector physics
performance. One of the means to achieve these goals is a signiﬁcant reduction
of the pixel size, the use of deep sub-micron technologies for the read-out chip
fabrication, novel materials for the stave construction, advanced methods for
detector cooling etc. In the present phase of the project, some key components
are being developed in several options.
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1. Introduction
The present ATLAS Pixel Detector consists of three barrel layers of pixel mod-
ules and three respective endcap wheels on each side. The barrel cylinder is 1.4
m long and 0.5 m in diameter. The three barrel layers are located respectively
at 50.5 mm for the present B-Layer, 88.5 mm for Layer 1 and 122.5 mm for
Layer 2. The basic detector unit is a module, it has size of 16.4×60.8 mm2 and
consists of 46 080 pixels of size 50×400 µm2. There are 1744 modules which
cover an area of 1.8 m2. More details can be found in [1]. The existing B-Layer
will gradually loose eﬃciency due to radiation damage to sensors and chips.
The present beam pipe will be replaced by a new smaller one, and the freed
space will be instrumented by a new insertable B-Layer. Radiation hardness of
5×1015 neq/cm2 is required for sensors and electronics. Small overall material
footprint of 1.5% X0 is desirable.
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2. ATLAS Insertable B-Layer
For the LHC high luminosity running the IBL will take over the role of the
present B-Layer. Installation of the new B-layer will improve track and ver-
tex resolution parameters of the Pixel Detector. Initial simulations show an
improvement of impact parameter resolution with respect to the present Pixel
detector of about 40%. Total light jet rejection will be improved by a factor of 2
with implications for the B-tagging. Emphasis is placed on full integration into
the present system with minimal changes of existing equipment. IBL will have
staves with 32 FE-I4 front-end chips. The new layer will be at a radius of 35
mm and will cover an area of about 0.2 m2 with 12×106 channels. Operating
temperature will be less than -15°C. IBL is also an intermediate technological
step towards the detector upgrade for sLHC.
3. IBL sensors
Sensor thickness will be smaller than 250 µm or equivalent of 0.32% X0. Three
sensor technologies are presently considered: planar silicon, 3D silicon and CVD
diamond. Planar silicon is a proven technology in use for the current Pixel
Detector with low detector capacity Cdet. Slim edges are necessary in order to
reduce dead area. 3D silicon technology has good charge collection, active edge,
lower bias voltage power. In addition, dark current after irradiation is lower
than in planar sensors. Drawbacks are a certain column ineﬃciency for tracks
perpendicular to the sensor wafer and higher capacitance than in planar silicon.
CVD diamond oﬀers no leakage current increase with absorbed radiation dose,
lower capacitance and can operate at any temperature. Unfortunately it also
comes with smaller signal amplitude and higher cost.
4. Front-end readout chip FE-I4
Existing FE-I3 doesn't fully meet the operational regime of IBL. The more
stringent requirements will be satisﬁed by the new FE-I4 which is currently
under development. Its area covers 19.6×20.1 mm2 and it is designed for lower
power consumption compared to the previous chip generations. It also features
increased radiation hardness and ability to take higher hit rate allowing an
increased occupancy beyond capabilities of FE-I3 architecture. Detector readout
scheme will be simpliﬁed, no control chip in particular, as it is in the present
case, will be needed. Feature size is shrunk to 0.13µm using CMOS technology.
Sensor will be bump-bonded to the FE chip, new Insertable B-Layer pixel size is
reduced to 250×50 µm2. One FE-I4 can cover a pixel matrix of 80×336 (26680)
pixels per chip. New technology will allow local storage and processing of hits
on die allowing signiﬁcant power savings. During normal operation nominal
power draw will be 0.2 W/cm2, the maximal one will not exceed 0.4 W/cm2 .
2
5. IBL stave R&D
There are several layouts under study. An IBL stave has to support single
or multi-chip modules. The goal is to minimize the amount of material in
order to reduce multiple scattering and ensure low temperature gradient in
the stave material. Staves will be made of carbon foam with cooling pipes of
titanium or carbon ﬁber. There are two basic types in consideration: Bi-stave
and monostave design. Cooling media possibilities which are being investigated
are CO2 and C3F8, the latter allowing the possibility of integration into the
existing system. Total power consumption of the IBL is expected to be 1.5 kW.
Figure 1: Possible layouts for IBL
6. Conclusions
Installation will be carried out with accordance to the existing Pixel Detector
and ATLAS upgrade schedule and work regulations. A number of key R&D
tasks for IBL design and construction are in progress. The project is well ad-
vanced and will meet the project milestones and will be ready for detector
installation for sLHC phase I.
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